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Abstract  
Even though platinum is known as an active electro-catalyst for ethanol oxidation at low temperatures            
(< 100 oC), choosing the electrode material for ethanol electro-oxidation is a crucial issue. It is due to its 
property which easily poisoned by a strong adsorbed species such as CO. PtSn-based electro-catalysts 
have been identified as better catalysts for ethanol electro-oxidation. The third material is supposed to 
improve binary catalysts performance. This work presents a study of the ethanol electro-oxidation on 
carbon supported Pt-Sn and Pt-Sn-Ni catalysts. These catalysts were prepared by alcohol reduction. 
Nano-particles with diameters between 2.5-5.0 nm were obtained. The peak of (220) crystalline face 
centred cubic (fcc) Pt phase for PtSn and PtSnNi alloys was repositioned due to the presence of Sn 
and/or Ni in the alloy. Furthermore, the modification of Pt with Sn and SnNi improved ethanol and CO 
electro-oxidation. Copyright © 2016 BCREC GROUP. All rights reserved 
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1. Introduction  
It is well known that Pt is a good electro-
catalyst for oxidation but does not exhibit high 
activity for ethanol electro-oxidation [1, 2]. Re-
search has thus focused on the use of alloy 
catalysts to improve the electro-activity of Pt 
[3-8]. Metals such as Sn have been identified as 
suitable materials to form alloys with Pt for 
ethanol electro-oxidation in acid solutions [8–
10]. However, the performance of PtSn/C cata-
lyst depends on the preparation procedures, the 
Pt:Sn atomic ratio and catalyst structure [2, 
11-15]. Zhou et al. [16] observed that the opti-
mum Sn content altered the fuel cell maximum 
density at different temperature.  
There are some different preparation meth-
ods. Recently, a number of researchers have in-
vestigated the ethanol oxidation on carbon sup-
ported PtSn catalysts prepared by impregna-
tion reduction method [17], Bonneman’s 
method [13], polyol process [2] and modified 
borohydride reduction [15]. Nevertheless, the 
effect of Sn content was not clear. The group of 
Lamy et al., Zhou et al., and Kim et al. have 
found the optimum composition of Sn in the 
range of 10-20 % [13, 17], 33-40 % [2, 18, 19]. 
and 20-33 % [14], respectively.  
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 The third material is supposed to improve 
binary catalysts. Spinace et al. [20] have stud-
ied the activity of ethanol electro-oxidation on 
PtSn/C and PtSnNi/C catalysts. It was found 
that the PtSnNi/C catalyst gives higher current 
values and superior stability than PtSn/C. 
However, further investigation is needed in or-
der to find the optimum composition of 
Pt:Sn:Ni and its application in the DEFCs.  
This work presents a study of the ethanol 
electro-oxidation on carbon supported Pt-Sn 
and Pt-Sn-Ni catalysts, and their applications 
as anode catalysts in a single DEFC. These 
catalysts were prepared by alcohol reduction 
followed by X-ray diffraction (XRD) and energy 
dispersive analysis of X-ray (EDAX) characteri-
sations. Electrochemical measurements includ-
ing linear sweep voltammetry (LSV), chrono-
amperometry and carbon monoxide stripping 
voltammetry were also carried out to evaluate 
the electroactivity of catalysts towards ethanol 
oxidation. 
 
2. Experimental 
2.1. Catalysts Preparation 
Carbon supported PtSn with various atomic 
ratio and PtSnNi catalysts were prepared by 
the polyol process [2]. H2PtCl6.6H2O, 
SnCl2.2H2O and NiCl2.6H2O from Aldrich were 
used as precursors. All samples were supported 
on Vulcan XC-72R carbon black (Cabot Corp., 
SBET = 237 m2 g-1). The precursors were dis-
solved in ethylene glycol (10% v/v of water) and 
stirred for 30 minutes. The pH of solution was 
adjusted between 12 and 13 with sodium hy-
droxide then heated at temperature of 130 oC 
for about 2 hours to complete the reduction 
process. The carbon support was mixed with a 
few drops of ethylene glycol solution and ultra-
sonicated to form slurry (called as carbon 
slurry). The carbon slurry was added drop-wise 
to the metals precursor solution and mixed for 
about 4 h then cooled down to at room tempera-
ture.  The solution was filtered, washed and fi-
nally dried at 80 oC for about 10 h in a vacuum 
oven. 
 
2.2. Physicochemical Characterisation 
Physicochemical characterisation was car-
ried out to obtain information regarding the 
morphology and structure of the catalysts. 
Catalyst compositions were confirmed by En-
ergy dispersive X-ray analysis (EDAX) per-
formed using a Rontec attachment, a JEOL 
5300LV scanning electron microscope.  
Particle sizes were determined by Transmis-
sion Electron Microscopy (TEM) using a Philips 
CM 100 Compustage (FEI) with an AMT CCD 
camera (Deben). The samples for characterisa-
tion were prepared by mixing the catalyst with 
water and ultrasonicated for a few minutes. A 
small drop of this mixture containing the cata-
lysts was deposited onto a copper grid covered 
with a membrane and left to dry. Histograms of 
particle sizes distribution were constructed us-
ing the images obtained from approximately 
100 particles. The average particle size of cata-
lysts was calculated from the size distribution. 
X-ray diffraction (XRD) was used to analyse 
the crystallites structure of catalysts.  The XRD 
data were recorded with a PAN analytical 
X’pert Pro MPD (multipurpose diffractometer) 
using Cu Kα radiation (l = 1.54056A) and fitted 
with an X’celerator. Radiation was generated at 
40 KV and 40 mA. The 2θ angular regions be-
tween 10o and 90o were explored at a nominal 
step size of 0.033o 2θ and time per step of 100 
seconds. The scan was carried out in continu-
ous mode. 
 
2.3. Electrochemical Characterisation 
Electrochemical measurements carried out 
were cyclic voltammetry (CV), linear sweep 
voltammetry (LSV) and chronoamperometry. 
Measurements were performed using a PC con-
trolled Voltalab PGZ100 potentiostat, and a 
conventional three electrode cell. The working 
electrode was a very thin layer of Nafion® 
bonded-catalyst deposited on the tip of a glassy 
carbon rod (BASi MF-2012) with an area of 
0.07 cm2.  
The catalyst layer was prepared from a cata-
lyst ink, obtained by ultrasonicating the Pt-
based catalyst, 5 wt.% Nafion or PBI solution 
and ethanol. The solvent was then evaporated 
in an oven. The quantity of electro-catalysts on 
the working electrode was 0.005 mg. 
The electrochemical tests were performed in 
a two-compartment glass cell. A lugin capillary 
probe was fitted to the working electrode cham-
ber for electrode potential measurements and 
control of potential. The volumes of the cell 
chambers were 200 cm3 (mL). A water jacket 
linked to an external heating bath was em-
ployed to perform tests at a controlled tempera-
ture. A Pt mesh and an Ag/AgCl electrode were 
used as the counter and reference electrode, re-
spectively. 
Before CV and chronoamperometry meas-
urements, the solution was purged with nitro-
gen and stirred for twenty minutes to remove 
oxygen from the solution. The potential was cy-
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 cled to remove any contaminants at scan rates 
of 50 mV s-1. CV and LSV data were recorded at 
a 5 mV s-1 scan rate and chronoamperometry 
was performed at 500 mV. 
The CO electro-oxidation was carried out in 
0.5 mol dm-3 (M) H2SO4 solution which was 
sparged with nitrogen. After a reproducible cy-
clic voltammogram was obtained, the electrode 
was held at a potential of 100 mV vs RHE. 
Meanwhile, carbon monoxide was introduced 
into the solution for about 15 minutes. Unab-
sorbed CO was removed by sparging nitrogen 
into the solution for about 30 minutes. Poten-
tials were then swept at 20 mV s-1 and followed 
by recording the CO stripping voltammogram. 
All potentials were reported on the standard 
hydrogen scale. 
 
3. Results and Discussion 
EDAX analysis was employed to estimate 
the nominal composition of the prepared cata-
lysts. The measured Pt:Sn and Pt:Sn:Ni atomic 
ratios of the prepared catalysts were slightly 
different from its catalyst solution compositions 
(Table 1).  
Figure 1 shows the typical TEM images and 
histogram of the particle sizes distribution of 
PtSn/C and PtSnNi/C catalysts. The particle 
sizes were found to be in the range of 1 to 10 
nm with mean diameters of 3-5 nm. Mean-
while, Figures 2 and 3 show XRD patterns of 
the carbon supported PtSn and PtSnNi which 
are compared to the commercial carbon sup-
ported Pt (E-TEK), in which the characteristic 
peak of crystalline face centred cubic (fcc) Pt 
phase at (111), (200), (220) and (311) planes ap-
pear at the corresponding diffraction angles. 
The diffraction peak at 20-25o observed in all 
the diffraction patterns of the carbon supported 
catalysts was attributed to the (002) plane of 
the hexagonal structure of Vulcan XC-72R car-
bon black. There were no obvious peaks for Sn, 
Ni or their oxides; however their presence can-
not be discounted. They might be present in 
small amounts or even transformed into an 
amorphous form. The calculated alloying de-
gree of Sn in the PtSn (Table 2) observed the 
present of the amorphous form or Sn oxides in 
the catalysts. For bimetallic catalysts, only ca. 
3-16% of Sn atoms were alloyed in the PtSn al-
loy formation. In addition, the commercial 
PtSn/C has higher alloyed of Sn about 40% in 
comparison to its home-made PtSn/C catalysts. 
The (220) reflection of Pt was referred to es-
timate the average particle size according to 
Bulletin of Chemical Reaction Engineering & Catalysis,  11(1), 2016, 12 
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Table 1. The atomic compositions and metals loading of all catalysts (* determined by EDAX ) 
Table 2. The average particle sizes, 2θmax position, lattice parameter and alloying degree of all cata-
lysts 
Catalysts 
Average particle size (nm) 2θ max 
(o) 
Lattice parameter 
(Å) 
Alloying  
Degree 
(%) TEM XRD 
Pt/C 3.0 ± 0.8 3.1 67.23 3.9355 - 
Pt3Sn1/C 4.3 ± 1.4 3.9 67.14 3.9397 3.3 
Pt2Sn1/C 4.7 ± 1.8 4.9 66.71 3.9627 10.9 
Pt1Sn1/C 3.3 ± 0.8 2.6 66.67 3.9648 16.3 
Pt4Sn4Ni1/C 4.1 ± 1.4 3.4 68.29 3.8513 - 
Catalysts  
Atomic ratio *  
All metals loading* (%)  
Pt Sn Ni 
Pt/C       20 
Pt3Sn1/C  2.70 1.0 - 33.5 
Pt2Sn1/C  1.95 1.0 - 19.4 
Pt1Sn1/C  1.20 1.0 - 40.3 
Pt4Sn4Ni1/C 4.10 3.9 1.0 62.9 
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Figure 1. TEM images and histograms of catalysts: (a) Pt3Sn1/C, (b) Pt2Sn1/C, (c) Pt1Sn1/C, (d) 
Pt4Sn4Ni1/C.  
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 the Scherrer formula and lattice parameter 
[21]. The diffraction peak of Pt (220) was used 
as the reference to avoid possible disturbances 
from carbon black [22]. The average particle 
size and lattice parameter calculated from XRD 
patterns are summarised in Table 2. Calcu-
lated average particle sizes are in the range of 
3-5 nm which are similar to those obtained us-
ing TEM measurement.  
The XRD patterns reported in Figures 2 and 
3, show remarkable differences between the 
carbon supported Pt and PtSn-based catalysts 
in their  average particle sizes and the peak po-
sition of the (220) planes. The diffraction peak 
of the PtSn/C and PtSnNi/C catalysts shifted 
into opposite directions in comparison with 
Pt/C catalyst. In the case of PtSn/C catalysts, 
the addition of Sn to Pt increased the lattice 
parameter of the Pt (fcc) crystal structure as in-
dicated by the shift to lower 2θ values in the 
(220) diffraction peaks. The shift might be at-
tributed to alloy formation between Pt and Sn 
[23]. With increasing Sn content, there was a 
greater shift in lattice parameter away from 
pure Pt. These results were in agreement with 
recent data for PtSn/C catalysts using a boro-
hydride reduction method [14]. The presence of 
Ni in Pt-Sn, on the contrary to Sn alone, shifted 
the diffraction peak to higher 2θ value. The 
shift is an indication of the reduction in the lat-
tice parameter.  
 
3.1. Electrochemical Characterisation 
Figure 4 shows the cyclic voltamograms of 
carbon supported Pt and home-made electro-
catalysts in the absence of ethanol at room tem-
perature. All CVs reported after a stable and 
consistent scans were achieved. The scan rate 
was measured to be 5 mV s-1. The current was 
normalised to mA per mg Pt loading. The cou-
lombic charge of hydrogen adsorption region ob-
tained after subtracting charge contributed from 
the double layer region was used to calculate 
specific electrochemical active surface areas 
(ESAH). The EASH data for all catalysts are 
summarised in Table 3. The Pt/C and Pt alloyed 
catalysts have similar active surface area, which 
were approximately 70-86 m2 g-1 of Pt loading.  
It shows that the CVs of PtSn electro-
catalysts did not have a well-defined hydrogen 
region compared to that of pure Pt. As observed 
from the XRD result, platinum alloying by Sn or 
SnNi has altered the crystalline lattice parame-
ter which may affect the adsorption and desorp-
tion of hydrogen. The Pt alloy generally exhib-
ited larger current densities in the double layer 
region, which may  be related to the presence of 
SnO2 [23,24]. Furthermore, the voltammograms 
show that alloyed Pt catalysts assign the forma-
tion of oxygen-containing species through water 
adsorption starting at around 0.4 V. These po-
tentials are much lower than that experienced 
on a Pt/C catalyst, i.e. at above 0.7 V [25].  
CO stripping voltammetry was studied at a 
scan rate of 20 mV s-1 and in 0.5 mol dm-3 H2SO4 
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Figure 2. XRD patterns of Pt-Sn catalysts com-
pared to Pt/C commercial catalyst  
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Figure 3. XRD patterns of ternary PtSnNi/C and 
Pt/C commercial catalysts  
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Table 3. The active surface area (ESA) of 
catalysts calculated from cyclic and CO 
stripping voltammograms  
Catalysts 
ESAH 
(m2 g-1Pt  ) 
ESACO 
(m2 g-1Pt ) 
Pt/C 77.9 67.3 
Pt3Sn1/C 71.3 60.0 
Pt2Sn1/C 84.0 64.4 
Pt1Sn1/C 86.1 65.8 
Pt4Sn4Ni1/C 85.0 79.0 
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to estimate the active surface area (ESACO) of 
the alloyed Pt electro-catalysts and to obtain 
electrochemical information regarding the Pt-
based catalysts surface. The ESACO of the 
electro-catalysts were calculated using Equa-
tion (1). 
           (1) 
 
where QCO is the charge of the CO desorption in 
micro coulomb normalised with the mass of Pt 
loading on the electrode, and 420 is the adsorp-
tion charge for a monolayer of CO on the cata-
lyst in μC cm-2.  
The ESACO of the Pt-based electrocatalysts 
are given in Table 3, and their CO stripping 
voltammograms are presented in Figure 5. The 
ESACO (normalised by gram of Pt) increased 
with increasing Sn content in the PtSn alloy 
catalysts. The active area was observed to be  
around 60, 64 and 66 m2 g-1 (Pt loading) for 
PtSn catalysts with atomic ratio of 3:1, 2:1 and 
1:1, respectively. The Pt1Sn1/C catalyst with 
the highest Sn content exhibited the highest 
ESACO. This result, interestingly, has similar 
trend with the lattice parameter. The ESACO 
value and lattice parameter of Pt crystalline in 
PtSn catalysts increase as the Sn content in-
creases. 
The effect of the adsorbed CO on the cata-
lysts surface was to remove the peak associated 
with hydrogen activity and to produce a CO 
oxidation peak in the first positive sweep. The 
CO oxidation has produced a sharp peak at 
around 0.8 V and the onset potential was ca. 
420
ESACO
COQ
0.7 V. The cyclic voltammogram for Pt/C cata-
lyst, showed oxygenated species generated by 
water oxidation at above 0.7 V and carbon 
monoxide electro-oxidation on pure Pt catalyst 
consequently started at this point. Generally, 
alloyed Pt catalysts exhibited lower onset po-
tentials for CO oxidation than pure platinum, 
i.e. around 0.4 V, as water oxidation occurred 
at the same value. Moreover, for bimetallic 
catalysts, the CO oxidation peak was broader 
as well as lower. 
The shift of the CO oxidation onset poten-
tial to lower values for the alloyed PtSn/C 
compared to the Pt/C catalyst is in agreement 
with works reported previously [26-28]. The 
higher CO oxidation activity at lower poten-
tial on the alloyed Pt catalysts may be due to 
a more effective bifunctional mechanism at 
lower potential. The ability of Sn to promote 
the oxidation of adsorbed CO on the Pt sites 
was by adsorbing OH- species produced from 
water disassociation [26,29,30] as described in 
Equation (2).  
 
Pt-(CO)ad + Sn-(OH)ad →Pt-Sn + CO2 + H+ + e-
            (2) 
 
Other groups also reported that the Sn in 
alloys had an electronic effect, due to the Pt 
lattice expansion by incorporation of Sn atom 
[14,30,31]. The electronic or ligand effect may 
change the electronic properties of Pt sites as 
a consequence of the bonding between Pt and 
Sn. The expansion of Pt lattice parameter 
may cause a change in the charge transfer 
from Sn atoms to neighbouring Pt atoms and 
Figure 4. The cyclic voltammogram of the PtSn/C 
and Pt/C catalysts in  0.5 mol dm-3 of H2SO4 solu-
tion, at scan rate of 5 mV s-1 and  25 oC. (1) Pt/C, 
(2) Pt1Sn1/C, (3) Pt2Sn1/C,  (4) Pt3Sn1/C, (5) 
Pt4Sn4Ni1/C  
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Figure 5. Voltammograms for CO electro-
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ture, 20 mV s-1 of scan rate  
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decrease in the Pt 4f binding energy. This elec-
tronic effect weakens adsorbed CO on the sur-
face of Pt sites [14].  
The presence of Ni in the PtSn catalyst in-
creased slightly the active area from 66 to 79 
m2 g-1 (see Table 2) in which determined from 
the CO oxidation. From previous studies, Park 
et al. [32] reported that Ni shifted the Pt 4f 
binding energy for PtNi and PtRuNi to lower 
values than that for Pt. Electron transfer might 
contribute to enhance CO oxidation. Other re-
search has reported that Ni enhanced PtRu 
catalyst during CO, methanol and ethanol oxi-
dation [32, 33]. The Pt-Ni electronic interaction 
dominated the promoting effect of Ni on ab-
sorbed CO oxidation by weakening the Pt-CO 
bonding energy rather than the bifunctional 
mechanism. 
The presence of a second or third metal 
added to Pt is necessary to improve catalytic 
activity for ethanol oxidation. Especially in an 
acid environment, Pt alone has limited ability 
to cleave the C-C bond and oxidize the ad-
sorbed CO, which is considered to be disadvan-
tages in ethanol oxidation [8]. Figures 6 and 7 
show linear sweep voltammograms for the bi-
nary and ternary electro-catalysts for ethanol 
oxidation.  
The electro-oxidation of ethanol on the Pt/C 
catalyst started at 0.45 V, whilst the addition 
Sn to Pt/C catalyst shifted the onset potentials 
to lower values (ca. 0.25-0.4 V). Interestingly, 
the Sn content significantly influenced the on-
set potential of ethanol electro-oxidation. The 
better electroactivity, i.e. lowest onset poten-
tial, was obtained for the PtSn/C catalysts with 
an atomic ratio of 1:1 (0.25 V), followed by 
those with ratios of 2:1 (0.27 V) and 3:1 (0.40 
V), respectively. In comparison, the commercial 
PtSn/C showed the onset potential of 0.18 V 
recorded at a scan rate of 5 mV s-1 and the 
temperature of  30 oC.   The present of alloyed 
PtSn or Sn oxides provide oxygenated species 
at lower potential. As soon as Sn-OH was 
formed, the adsorbed CO and other intermedi-
ates were oxidised which are called bifunc-
tional mechanism. Due to its lower degree of 
alloying, Sn oxides may act mainly as an ac-
tive sites at lower potential for dissociative 
adsorption of water. 
Spinacé et al. [20] prepared catalysts with 
a similar method and results, whilst Lamy et 
al. [13] showed a superior ethanol electro-
oxidation performance using PtSn/C catalyst 
electro-catalysts prepared by the Bönneman 
method, with atomic ratio of 9:1. With employ-
ing a thermal decomposition of a polymeric 
precursor, PtSn (60:40) gave the best activity 
for ethanol electro-oxidation for catalysts de-
posited on a Ti substrate [34]. Thus the prepa-
ration procedure strongly affects the electro-
catalytic activity of PtSn/C catalysts for etha-
nol oxidation. 
Figure 6 presents the LSV data for ethanol 
electro-oxidation on carbon supported PtSn 
and PtSnNi catalysts in acidic medium at 
temperature of 25 and 60 oC. In comparison to 
the Pt1Sn1/C catalyst, the addition of Ni to 
Pt-Sn did not change the onset potential of 
ethanol electro-oxidation, however enhanced 
the current density at a potential above 0.5 V. 
Similar results were obtained by Spinacé et al. 
[20] for PtSn/C and PtSnNi catalysts at room 
temperature with atomic ratios of 1:1 and 
5:4:1, respectively. As reported that tempera-
ture did not alter the rds of ethanol electro-
oxidation on all observed catalysts, even 
though it lowered the onset potential and in-
Figure 6. Linear sweep voltammograms of etha-
nol electro-oxidation on PtSn/C and Pt/C cata-
lysts, 1 mol dm-3 ethanol and 0.5 mol dm-3 H2SO4 
solution, scan rate of 2 mV s-1 at 25 oC.  
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creased mass activity, i.e. current density. 
Therefore, the effect of temperature in detail 
was not further investigated.  
As discussed previously, the presence of Ni 
in the PtSn catalyst enhanced CO oxidation by 
weakening Pt-CO bond (ligand effect). When Pt 
site was able to provide the OH species at a 
high potential (>0.5 V), it was noticed that the 
weaker adsorbed CO was oxidised easily. An 
increased active area also contributed to pro-
vide wider catalyst surface in order to adsorb 
ethanol. 
The current density of ethanol electro-
oxidation on PtSn/C at 0.55 V and temperature 
of 25 oC was about 89 mA mg-1, whilst that of 
on PtSnNi/C was about 10 mA mg-1 higher. At 
temperature of 60 oC, the current density of 
ethanol electro-oxidation on PtSnNi/C was 
about 40 mA mg-1 higher than that of on 
PtSn/C at 0.7 V.  
The corresponding Tafel plots are shown in 
Figure 8 and a further comparison of ethanol 
electro-oxidation activity is shown in the 
chrono-amperometry data (Figure 9). Each 
measurement was performed over 5 minutes to 
approach steady state conditions. It can be seen 
that the current density of ethanol electro-
oxidation on Pt4Sn4Ni1/C catalyst was slightly 
higher than that for Pt1Sn1/C catalyst; in agree-
ment with the LSV data. The current densities 
were found to be 13 and 15 mA mg-1 Pt for 
Pt1Sn1/C and Pt4Sn4Ni1/C at 0.4 V. Whilst the 
ethanol electro-oxidation current density on 
Pt4Sn4Ni1/C was measured to be 9 and 62 mA 
mg-1 Pt at 0.5 and 0.6 V, respectively.  
Kinetic parameters were determined from 
Tafel plots obtained from LSV and chronoam-
perometry data. Tafel slopes and exchange 
current densities for all catalysts are listed in 
Table 4. Tafel slopes for Pt1Sn1/C and 
Pt4Sn4Ni1/C catalysts were found to be similar 
at around 90-100 mV dec-1, whilst those for 
Pt2Sn1/C, Pt3Sn1/C and Pt/C catalysts were 85, 
72 and 55 mV dec-1, respectively. The close Ta-
fel slope values of PtSn/C catalysts indicate a 
similar mechanism of ethanol electro-
oxidation on those catalysts. 
However, the Tafel slope of catalyst with 
high Sn loading (Pt1Sn1/C) is quite far with 
that of Pt/C, thus the rds may change. The dif-
ference in Tafel slopes should be related to the 
number of electron associated with the overall 
reaction. As mentioned previously, ethanol 
electro-oxidation on Pt or Pt alloyed catalysts 
included several complex reactions. The ad-
sorption of ethanol occurs on Pt, whereas al-
loyed metals such Sn most likely offer OH- ad-
sorption at lower potential to remove the ad-
sorbed CO or to convert the intermediate into 
acetic acid. The mean electron number of 2 
and 4 correspond mainly to the ethanol elec-
tro-oxidation into acetaldehyde and acetic acid 
formation, respectively. Rousseou and co-
worker [35] investigated product distribution 
in DEFCs test with different anode catalysts, 
i.e. Pt/C, PtSn/C and PtSnRu/C. The addition 
of Sn to Pt favoured the formation acetic acid 
over acetaldehyde, in comparison to the pure 
Pt, but the yield of CO2 was detected to be 
doubled with a Pt/C than with a PtSn/C cata-
lyst. Those results are in agreement with Ta-
Figure 8. Tafel plots of  ethanol electro-oxidation on PtSnNi/C, PtSn/C and Pt/C catalysts in  1 mol 
dm-3  ethanol and 0.5 mol dm-3 H2SO4 solution. The current density was normalised to the active sur-
face area (ESACO) of the respective catalysts  
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fel slopes that are obtained from this work for a 
high loading Sn catalyst. The Pt/C catalyst 
shows having the lowest slope which indicates 
that the overall reaction on Pt/C has generated 
more electrons in comparison to that on Pt al-
loyed catalysts. Hence, the selectivity towards 
the formation of acetic acid, acetaldehyde and 
CO2 correlate to the number of electron gener-
ated by the total reaction and rate determining 
step in the mechanism reaction.  
Exchange current densities of Pt/C, Pt3Sn1/C 
Pt2Sn1/C Pt1Sn1/C and Pt4Sn4Ni/C were about 
1.3×10-6, 1.1×10-4, 3.5×10-4, 1.5×10-3, and 
1.0×10-3 mA cm-2, respectively. Those values 
were normalised by the active surface area 
(ESACO). Exchange current densities for PtSn 
catalysts increase with the increase of Sn con-
tent. In this work, the highest exchange cur-
rent density was obtained for the Pt1Sn1/C 
catalyst. This reflects the rate of ethanol elec-
trooxidation on the surface of PtSn/C catalyst is 
faster than that on others. However, the addi-
tion of Ni to PtSn slightly reduces the exchange 
current density. Zhu et al. [36] reported the ex-
change current densities of PtSn/C catalysts of 
5.38, 2.52 and 0.102 mA cm-2 prepared with dif-
ferent methods  that were obtained from anode 
polarisation curve at 90 oC for PtSn/C-B, 
PtSn/C-EG and PtSnO2/C, respectively. Ex-
change current densities were however based 
on the cross-section of the electrode. The 
PtSn/C-B which had the highest alloying de-
gree displayed enhancement of activity for 
ethanol electro-oxidation. 
4. Conclusions 
Carbon supported PtSn with different 
atomic ratio and PtSnNi were prepared by a 
polyol method. Nano-particles with diameters 
between 2.5-5.0 nm were obtained. According 
to the XRD results, the peak of (220) crystal-
line face centred cubic (fcc) Pt phase for PtSn 
and PtSnNi alloys was repositioned due to the 
presence of Sn and/or Ni in the alloy. The 
modification of structural and electronic fea-
tures was observed as the shift of lattice pa-
rameter might facilitate a better adsorbed CO 
oxidation. Furthermore, the modification of Pt 
with Sn and SnNi improved ethanol and CO 
electro-oxidation. According to the bifunc-
tional mechanism,  the present of Sn oxides 
provided oxygenated species at lower poten-
tials in comparison to pure Pt. The observed 
Figure 9. Chronoamperometric curves of ethanol electro-oxidation for Pt1Sn1/C and Pt4Sn4Ni1/C cata-
lysts. 1 mol dm-3 ethanol and 0.5 mol dm-3 H2SO4 at room temperature  
 
0
50
100
150
200
250
300
350
400
0 200 400 600 800 1000 1200 1400 1600 1800 2000
time/ s
c
u
rr
e
n
t 
d
e
n
s
it
y
/ 
m
A
 m
g
-1
P
t
Pt/C
Pt4Sn4Ni1/C
Pt1Sn1/C
@ 0.4 V
@ 0.5V
@ 0.6V
Table 4. Tafel slope and exchange current 
density values of all catalysts  
Catalysts 
Tafel slopes 
(mV dec-1) 
Exchange cur-
rent densities 
(mA cm-2) 
Pt/C 55 1.3 10-6 
Pt3Sn1/C 72 1.1 10-4 
Pt2Sn1/C 85 3.5 10-4 
Pt1Sn1/C 99 1.5 10-3 
Pt4Sn4Ni1/C 92 1.0 10-3 
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Tafel slopes suggested that bi and tri-metallic 
Pt-based catalysts with high Sn loading have 
altered the rate determining step of mechanism 
which the overall reaction on those catalysts 
produced fewer electrons than that on pure Pt. 
However, the exchange current density of etha-
nol oxidation reaction on Pt-based catalysts 
was accelerated significantly by factor of 100-
1000. In general, PtSnNi/C catalysts showed a 
better electrocatalytic activity than PtSn/C 
catalysts in half-cell tests. 
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